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AERONAUTIC SYMBOLS 

1. FUNDAMENTAL AND DERIVED UNITS 

Metric English 

Symbol 

Unit Abbrevia- Unit Abbrevia-
tion tion 

Length ______ l meter __________________ m foot (or mile) _________ ft (or mi) 
Time ________ t 

second _________________ s second (or bour) _______ sec (or hr) 
Force ________ F weight of 1 kilogram _____ kg weight of 1 pound _____ Ib 

Power _______ P horsepower (metric) _____ ---------- horsepower ___________ hp 
Speed _______ V {kilometers per hour ______ kph miles per hour ________ mph 

meters per second _______ mps feet per second ________ fps 

2. GENERAL SYMBOLS 

Weight=mg 
Standard acceleration of gravity=9.80665 m/s2 

or 32.1740 ft/scc2 

Mass=W 
g 

Moment of inertia=mP (Indicate axis of 
radius of gyration k by proper subscript.) 

Coefficient of viscosity 

Kinematic viscosity 
p Density (mass per unit volume) 
Standard density of dry air, 0.12497 kg-m-4_s2 at 15° C 

and 760 rom; or 0.002378 lb-ft-l sec2 

Specific weight of "standard" air, 1.2255 kg/ms or 
0.07651 lb/cu ft 

3. AERODYNAMIC SYMBOLS 

Area 
Area of wing 
Gap 
Span 
Chord 

b2 

Aspect ratio, S 
True air speed 

Dynamic pressure, 4p V 2 

Lift, absolute coefficient OL= q~ 

Drag, absolute coefficient CD = q~ 

Profile drag, absolute coefficient CDO=~S 

Induced drag, absolute coefficient ODI= ~S 

Parasite drag, absolute coefficient CDP= ~S 

Cross-wind force, absolute coefficient Cc= ~ 

Q 
n 
R 

ex 

'Y 

Angle of setting of wings (relative to thrust line) 
Angle of stabilizer setting (relative to thrust 

line) 
Resultant moment 
Resultant angular velocity 

Reynolds number, p Vl where l is a linear dimen-
}J. 

sion (e.g., for an airfoil of 1.0 ft chord, 100 mph, 
standard pressure at 15° C, the corresponding 
Reynolds number is 935,400; or for an airfoil 
of 1.0 m chord, 100 mps, the corresponding 
Reynolds number is 6,865,000) 

Angle of attack 
Angle of downwash 
Angle of attack, infinite aspect ratio 
Angle of attack, induced 
Angle of attack, absolute (measured from zoco­

lift position) 
Flight-path angle 

-
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REPORT No. 757 

THE MEASUREMENT OF FUEL-AIR RATIO BY ANALYSIS OF 

THE OXIDIZED EXHAUST GAS 

By HAROLD C. GERRISH and J . LAWRENCE MEEM, Jr. 

SUMMA RY 

An investigation was made to dete7'mine a method oj measur­
ing juel-air mtio that could be used jor te t purposes in flight 
and jor checking conventional equipment in the laboratory. 

Two single-cylinder test engine equipped with typical com­
mercial engine cylinde7's were used. The juel-air mtio oj the 
mixture delive7'ed to the engines was determined by direct 
measurement oj the quantity oj air and oj juel supplied and 
also by analy is oj the oxidized exhaust gas and oj the normal 
exhaust gas. Five fuels were used: gasoline that complied 
with Army-Navy Fuel Specification No. AN- VV- F- 781 and 
four mixtures oj this ga oline with toluene, benzene, and xylene. 

The method oj determining the Juel-air ratio described in this 
report involves the measurement oj the carbon-dioxide content 
oj the oxidized exhaust gas and the use of gmphs or the pre­
sented equation. Thi method i considered useful in aircmjt, 
in the field, or in the laboratory Jor a range oj Juel-air ratios 
from 0.047 to 0.124. 

INTRODUCTION 

Measurement of the fuel-air ratio of the combustible 
mi'l:ture supplied to internal-combustion engine ha re­
ceived considerable attention during the past few year . 
Thi interest h a been accentuated by investigations that 
have shown the limitation of the allowable range of fuel-air 
ratios in full- cale engines when compared with the range 
in a single-cylinder engine. The fuel-air ratio at which 
an internal-combustion engine operate is of paramount 
importance not only because it is a factor in the correlation 
of aU engine-performance data but also because it affects 
the temperature of the engine cylinder , the specific fuel 
consumption, the range, and the useful carrying capacity 
of aircraft. 

Knowledge of the fuel-air r a tio at which internal-combustion 
engines are operated and the control of this ratio in 
flight i essential for the following reasons: (1) to avoid 
possibility of engine failure due to high temperature or to 
knock cau ed by unfavorable mi'l:tures, (2) to assure optimum 
power when required, (3) to achieve maximum economy, and 
(4) to make possible the correlation of engine-performance 
data. 

n analysis of the exhaust gas from each cylinder can be 
used to determine the mixture trength of the charge to the 
cylinders of a multicylinder engine in flight, in the field, or 
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in the laboratory. Thi method would also be useful in 
checking the accuracy of conventional methods in the 
laboratory. 

The determination of the fuel-air ratio in the laborat01'y is 
usually made by employing gasometer, venturi meters, 
orifice plates, fuel-weighing devices, and flow meters in 
variou combinations to meaSUl'e eparately the air and the 
fu el supplied to the engine Intake. In flight, the accm ate 
determination of fuel and air quan tities with such devices 
is difficul t and, in some cases, impossible. Automatic in-
trument that are actuated by the thermal conductivity of 

the products of combustion in the exhaust gases have been 
u ed in flight for indicating the fuel-air ratio. The extension 
of the operating range of the engine to lean-mixture opera­
tion (mixtures leaner than the theoretical), however, cau es 
reversal of the u ual type of indicator making it show a rich 
mix:tUl'e when the engine is operating on a lean mixture. 
For these reason and because a imple fundamen tal standard 
is required to measure the fuel-air ratio of the mixtUl'e 
supplied to the engine as well as that supplied to the separate 
cylinders in flight, this investigation was undertaken. 

Tlus report presen ts an accurate method of determining 
the fu el-air ratio of the mixture supplied to the cylinder of 
an internal-combustion engine and also presents data cor­
relating the results obtained by this method with tho e 
obtained by the usual method for fuels having hydrogen­
carbon ratios between 0.115 and 0.188 and for mixture 
strength covering the entire range of po sible engme 
operation. 

ENGINE CONDITIONS 

Two single-cylinder test uni ts, designated engine A and 
engine B , were equipped with typical commercial engine 
cylinders. Figure 1 shows the setup of engine A and of the 
auxiliary equipment. The etup of engine B was similar. 
Both uni ts had dual-ignition and modified carburetor fuel 
ystems and were air-cooled . Characteri tic of the engines 

and the test conditions are given in the following table: 

Dis· Corn· Engine Val ve Manifold 
En- Type o[ place· pres- speed timing pressure 
gina cylinder rnent sion (rpm) (deg ov- (in . H g) 

(cu in.) ratio erlap) 
----------

A 0200 206 6.99 2000 44 32 6.7 
B G 202 6.4 2000 47 2Il. 5 
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FIGURE l.- tup engine A and aux iliary equ ipment. 

The engine peed was manually controlled within ± 10 
rpm of th tanclard speed by strobo opic ob ervation of 
mark on th flywheel . Rotameters wel~e used to make 
preliminary aclju tment of be fuel going to the engines . 
The weight of fuel u ed was determined by weighing tank 
electrically ynchronizecl with the engine revolution counter 
and stop watche. The air entering the engine cylind er 
pa ed through harp-edged orifi e where the pI' ure 
drop wa mea ured. I then pa cd through urge tanks 
and to modi:ficd carburetors in which only the fuel jet and 
the ven turi pa ages w re u ed. The quantity of fuel 
flowing to the jet wa controlled by an adju table needle 
valve. 

The fu 1 u ed in thi inve tigation wer obtained by 
adding aromatic fuel to 100-octane ga oline that complied 
with Army- avy Fuel pecification o. A - VV- F- 7 1. 

haracteristics of the e fuels are hown in the following 
table: 

Composition by volume R ea t of com bus· 
(percent) Tetra' Ilydro· tion (Btu/lb) 

En- ethyl gen-
gine Fuel lead carbon 

1()()- ratio, 
octane To\- Ben- Ky- (ml/ga\) H IC Oro Net 

gasoline uene zene lene 

----------------- - - ------
B A 100 --- --- --- 3 0. 1 20,420 1 , 935 
A A 100 --- --- --- 3 . 1 20, 420 18, 935 
A B 15 .. - --- 3 . \68 20, 060 1 , 705 
A C &0 20 5 15 3 . 147 19,650 1 , 4\5 
A D 50 --- 50 --- 3 . 125 19.030 17, 
A E 37.2 --- 62. --- 3 .115 I ,625 17, 656 

The hydrogen-carbon ratio of the fuel were de ermined 
in thi laboratory by the u ual combustion method. The 
aircraft-engine lubricating oil was N avy 1120 with a hydrogen­
carbon ratio of 0.156 and a pecific gravity of O. 1 at 
25° (77° F ). 

METHOD 

Exhaust ga was obtained by in erting a }~-inch tube of 
tainle teel into the center of the exhau t tack approxi-

matelJ 1 }~ inche from the exhau t port. The length of the 
ga -sampling tube varied from 4 to 20 feet depending on the 
etup. Experim nt with many engine dming the past 
evcral year have hown that thi method i sati factory 

provided that a positive pres ure exi ts at the ga en trance 
of the tube and that no air leak are pre en t. The ga -
entrance end of the tube was pointed up tream to increa e 
the positive pres w'e of the ga by the dynamic pre ure. 
The gas was pa sed tlu'ough the tubing to an oxidizer , 
hl'ough a d iccato r, and then to a ga -analy i apparatu 

in which the carbon dioxide (C0 2) cont n t of the oxidized 
cxhn.u t ga wa determined. The oxidizer was made of l­
inch tubing of tainle steel and filled with cupric-oxide wire 
0.020 inch in diameter . In flight, th oxidizer would be lo­
cated in the xhau t tack or the collector ring of the engine 
at a po ition \ here the temperatw-c i not Ie than 1000° F 
and not more than 1600° F but, for the pmpo e of implicity 
of installation in the e te t , the oxidizer wa located in an 
electric furnace maintained at a temperature of approxi­
mately 1200° F. A connection wa provided in the tubing 
between the oxidizer and the exhau t tack in order that 
ample of the normal exhau t ga could be taken for each 

engine-operating condition. The e ample were taken by 
mercmy di placement in gla ampling tube and complete­
ly analyzed in a modified gas-analy i apparatus developed 
at the National BLU'eau of tandards. (ee reference 1. ) 

The de iccator, containing calcium chloride, wa not 
required for the ,·\Tork de cribed in thi r eport but con­
current te t of an indicating device, which i to replace the 
ga -analy i apparatu and required dry gas for it operation, 
mad the inolu ion of the de iccator nece ary. 

Engine data for the computation of the fuel-air ratio of 
the mixtur in th engine cylinder , ample of the normal 
exhau t ga , and the CO2 content of the oxidized exhau t 
gas were obtained for each engine-operating condition cover­
ing a range of mL"'{tme strengths from full I an to full rich , 
fuel-air ratios from 0.047 to 0.124. 

Two fundamental method for the determination of the 
fuel-air ratio were thu made available. First, the u ual 
laboratory method in which th rate of fuel upply i divided 
by the rate of ail' upply and, econd, the method in which 
the normal exhaust gas is chemically analyzed. In the econd 
method the fuel-ail' ratio i calculated by toichiometric 
equations and oxygen and nitrogen balance. 

Because the e basic method provide a tandard for com­
pari on, it will be hown that th r lation between the fuel­
air ratio and the CO2 ,content of the oxidized exhau t 
ga can be expre sed by an equation and hown graphically 
for con enience in application. A similar u e can be made of 
the percentage of O2 and oxygen (0 2) found in the normal 
exha u t ga by correlating them with the fuel-air ratio . 



-- - - - ----r- - - -

I 

THE MEASUREME T OF F EL-A1 R RATIO BY ANALYSIS OF THE OXIDIZED EXHAU T GA. 3 

RESULTS A D DISCUSSION 

Figure 2 show the relation of 0 0 2 to fuel-air ratio in dry 
oxidized exhaust ga for the five fuels used. The relation 
ha been computed on a dry basis bccau c the method used 
in ga analysis give the composition on a dry ba is. The 
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FIG RE 2.-Calculated relat ion of percentage carbon dioxide in dried 
oxidized exhau t ga to fu e l-air ratio. Fuel-air ratio computed 
from eq uat ion (1). 

ymbols O2 and 2 l'epre ent the volume perc ntage as 
well a the mole percentage of carbon dioxide and nitrogen, 
respectively, in the completely dried, oxidized exhau t gas; 
PIA, the weight ratio of fuel and air entering the engine 
cylinder; and HIO, the weight ratio o(hydrogen and carbon 
in the fuel. In the analy is from which figure 2 was prepared, 
the weights of the various con tituents involved in the for­
mation of 1 mole of oxidized exhaust gas are: 

but 

therefore 

Weight of carbon = 12 002 

Weight of hydrogen = 12 OO{~) 

Weight of fuel = 12 00{1+~) 

Weight of air=0:86~N2 
./ / 

2= 100-00 2 

Weight of air= 0.~67(100 -C02) 

and 

(1) 

With a given 0 0 2 content in the oxidized exhaust ga , the 
fuel-air ratio is not critically clependent upon the hydrogen­
carbon ratio of the fucl: With a 0 0 2 content of 17 percent 
in the oxidized cxhau t gas, which is approximately that for 
maximum power, equation (1) show that, in an extreme 
case, a change from 0.1 to 0.115 in the hydrogen-carbon 
ratio of the fuel resul ts in a change in the fuel-air ratio from 
0.0 0 to 0.075. 

The hydrogen-carbon ratios of aviation gasoline available 
in this country and those of aviation petrol u ed in Great 
Britain may be assumed, with negligible enol' in the fuel-air 
ratio, to have a value of 0.188 . 
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FIGURE 3.-Relation of constituents in normal exhau t ga to fu el-air 
ratio. Fuel A, Army 100-octane; aromatic, 0 pe rcent; hydrogen­
carbon rat io, 0.1 ; tetraethyl lead , 3 m l per gallon. 

FigLU'e 3 shows the rela tion of the con tituents in the 
normal exhaust gas of an engine using fuel A to fuel-air ratio 
determined from the 002 in the oxidized exhaust gas and 
from figure 2. The quantity of unsaturated hydrocarbons is 
determined by pas ing the cxhau t ga e through fuming 
ulfuric acid. low-combu tion experiments indicate that 

these hydrocarbon molecules have an average of four carbon 
atoms; the hydrocarbon wa therefore as umeel to be 
butene (C4H ). 
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The experimen tal re ults of the elf ct of fuel-air ratio on 
the 0 0 2 content in normal and in oxidized exhaust gas and 
on the O2 conten t in normal exhaust ga for fuel A, B , 0 , 
D , an i E are shown in figure 4. The line showing the rela­
tion of 0 0 2 in the o:-..-idized exhaust ga to fuel-air r atio was 
calculated from equa tion (1) . The te t points near the cal­
culated curve show the relation b tween the mea ured O2 

conten t of the oxidized exhau t O'as and the fuel-air ratio 
determined by the measured in take. 0 oxygen wa de­
tected in the oxidized exhau t ga . The lines for CO2 and 
O2 in th normal exh a u t ga were faired through the experi­
mental points. The peak of the curve of normal 002 ex­
hau t \Va located at the theoretically correct mL"X ture. 

It will be noted that, for all five fuel tested, the calculated 
relation of 0 0 2 to fuel-au: ratio i in excellent agreement 
with the experimentally mea ured intake value except for 
the sligh t catter of a few test point , which i probably du e 
to the difficul ty in maintaining con tant engine condi tion 
during the time required to make the observations. Oon­
siderably more experimental points are plotted for the 0 0 2 

in the oxidized exhaust ga than for the CO2 in the normal 
exhaust gas becau e the number of amples of the norma] 
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exhaust wa limited by the time required to analyze com­
pletely each sample. 

The agreement between the fuel-air ratio determined from 
the volume percen tage of 0 0 2 in dried oxidized exh au t gas 
and from figure 2 and the fuel-au' ra tio determined from the 
measured intake i shown by figure 5 for the five fuel te ted 
and for the two te t engine. The excellent agreement 
indicate that the simple method of measuring th e O2 con­
tent of the oxidized exhau t gas and of u ing the relation 
shown in figure 2 is atisfactory for indicating the fuel-air 
ratio. 

After this agreemen t i noted, the question naturally 
arises: What happened to the lubricating oil con limed by 
the engine? If the lubricating oil burned, it would increa e 
the 0 0 2 content of the oxidized exhaust gas and thus give a 
richer mixture than shown by the measured intake, which 
doe not take into consideration the con ump tion of lubri­
cating oil. If the lubricating-oil con umption i as lUned 
to be 5 percen t of the pecific fuel con ump tion and this oil 
is con idered to be burned completely at an intake fuel-air 
ratio of 0.060, then the fuel-air ratio determined fr om the 

O2 in the oxidized exhau t ga and in figure 2 would be 
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F IGU RE 4.- EfIect of fuel-air rat io on carbo n diox ide content in normal and oxidi zed exhaust ga and on oxygen conten t of normal exhau t gas. 
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FIGURE 4.-Continued. Effect of fuel-air ratio on carbon dioxide con tent in normal and ox idi>led cxhaust gas and on oxygen cont~nt of normal 
cxhau st gas. 

0.063. Although figure 5 hows some scatter of the da ta , 
there is no evidence of such a displacement of the curve, 
indicating that the lubricating oil actually burned was small. 

I~ igm e 6 hows the correlation between tbe pos ible C02 
that may be obtained stoichiometrically from the con­
tituents in the normal exhaust gas and the actual C02 in 

the oxidized exhau t ga for the £lve fuels te ted. It will be 
een tbat Lbe agreement between the two methods in the 

range of normal engino operation is excellent, wherea in the 
case of ultrarich mixtures the po sible C02 is insuJficient . 
This condition is to be e:"l.l)Cctcd becau e, in the complete 
chemical analysis of the products of combu tion , the oEd 
carbon does not enter into the analy is. 

The 1'e ul ts obtained by various methods of determining 
the fuel-air ratio a,re compared in figm 7 (a) and 7 (b) . 
Figm e 7 (b) sho\ys the agreement of the oxidized-exhaust-gas, 
the normal-cxhau t-gas, and the chemieal-analy i methods 
with Lhe measured-intake method. The agreement of the 
mNl.sured-intak e, the normal-exhaust-ga , and the chemical­
analy is methods with the fuel-air ratio of the oxidized 

exhaust is presented in figw'e 7 (b) . It will be seen that any 
one of the four methods i satisfactory for mea wing the 
fuel-air ratio. The greater simplicity of determining the 
fu el-air ratio by measuring the C0 2 conten t of the oxidized 
exhaust gas, however, and the fact that by this method the 
probability of enol' is redu ced make it the preferred method 
and it i therefore recommended for u e on all carburetor 
engiDe . Valve overlap and re ulting discharge of unburned 
fuel or incomplete combustion clu e to low-burning mixt ure 
would have no effect because the method depends upon 
complete combustion in the oxidizer. The method may also 
be used in engiD e having direct eyli.nder injection with no 
scavenging air. In direct-inj ection enO'ines that employ 
cavonging air, a timed sampling valve would be required. 

Al though the re ults were obtained at ea lev 1, they are 
applicable to aircraft in flight becau e th analysis results 
do no t depend upon pressure as' long as it r mains con tanto 
Variations in pressure or changes in altitude of the airplane 
between the beginning and the end of the analysi will cause 
considerable elTor in the r e nIt, Calculations show that, 

l 

j 
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FIG URE 4.- Concluded. Effect of fu el-air rati o on carbon dioxide 
content in norm al and oxidi zed exhaust gas and on oxygen content 
of:..Dormal exhaus t gas. 

if the airplane i maintained within ± 50 feet of the tipu ­
lated altitude during the test runs, the error in the analyse 
will be inappreciable, ± 0.3 percent. 

The method has been applied to a large airplane operat­
ing at various altitudes from sea level to 15,000 feet. The 
oxidizer was located in the collector ring and sample of the 
oxidized exhaust ga were atisfactorily obtained and anal­
yzed. These tests cover d a period of several weeks. 

The method has also been used in the laboratory for ob­
taining the distribution of the mixture among the cylinders 
of a two-row radial engine equipped with short stacks. 
The same technique for obtaining, oxidizing, and analyzing 
the samples a described in this report were used on each 
.cylinder. 

It is realized that taking ga amples in a pUl'suit airplane 
and analyzing th m in flight i no t practical. In large 
au:planes such a bombers or transport, the method men-
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FrC UHE 5.- Agreement between fu el-ai l' ratio determin ed from volume 
percentage of car bon dioxide in dried oxid ized exhau t ga and from 
figure 2 and fu el-air ratio determined from mea ul'ed intake . 

tioned is en tirely feasible. The application of electrical 
means instead of absorp tion means for determining the 
carbon-dioxide content, how v r , i pos ible for all das es 
of airplanes. The electrical means could consist of a 
thermal-conductivity bridge wherein the thermal con­
du ctivity of the oxidized exha ust gas could be compared 
with that of a standard gas and the unbalance of the bridge 
hO"1ll on a galvanometer calibrated in carbon dioxide or 

preferably in fuel-ail' ratio . 
The method should be of considerable help in the labora­

tory for checking the aCCUl'acy of in taHed equipment used 
to measure fuel-ail' ratio and hould be especially valuable 
in the field where it would be impracticable to have the 
conventional measuring equipmen t. The co t of the neces­
sary portable apparatus including a imple 01' at apparatus, 
a single-pass oxidizer , and the necessary tubing and chemicals 
would be nominal. 

CO CLUSIO NS 

T ests of two single-cylinder engines using five fuels with 
hydrogen-carbon ratios between 0.11 5 and 0.1 over a 
range of fuel-air ratios from 0.047 to 0.124 resulted in the 
following conclusions: 

1. The propo ed method of determining the fuel-air ratio 
of the mixt LU'e supplied to intcl'llal-combustion engines by 
analysis of the oAidized exhau t gas for its CO2 content and 
by use of the graphs pre en ted is imple and preci e and may 
be used in flight, in the field, and in laboratory test . 

_J 
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2, The propo ed method may be used for an exact survey 
of the mixture distribution among the cylinder of a multi­
cylinder carburetor engine in fligh t, in the field, and in the 
laboratory. 

3. Sampling of the exhau t gas through a }~-inch tube of 
stainle s teellocated in the center of the exhaust tack and 
within I X inche of th exhaust valve resul ted in ecuring 
atisfactorily representative sample of the gas. 

4. The fuel-ail' r atio was not critically dependent upon the, 
hydrogen-carbon ratio of the fu el ; negligible error in the fueV 
air ratio resul ted when a hydrogen-carbon ratio of 0.18 wa 
assumed for aviation gasoline. 

AIRCRAFT EI GI NE R ESEARCH L AB ORA'fORY, 
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CLEVE LA TD, OHIO, October 1, 1943. 
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Positive directions of axes and angles (forces and moments) are shown by arrows 

Axis Moment about axis Angle Velocities 

Sym-Designation bol 

LongitudinaL ______ X 
Lateral _______________ 1 Y 
N ormaL ______________ Z 

Absolute coefficients of moment 
L M 

0 1= qbS Om= ficS 
(rolling) (pitchmg) 

Force 
(parallel 
to axis) 
symbol Designation 

X Rolling _____ . _ 
Y Pitching __ . __ 
Z Yawing. __ . ___ 

N 
On=qbS 
(yawing) 

Sym-
bol 

L 
M 
N 

Linear 
Positive Designa- Sym- (compo- Angular 

~dircction tion bol nent along 
axis) 

Y----.Z RoIL ____ ___ rp u p 
Z----.X Pitch. _______ 6 II q 
X~Y Yaw ________ 

'" 
W r 

I 

Angle of set of con1,rol surface (rela1,ive to neutral 
position), o. (Indicate surface by proper subscript.) 

4. PROPELLER SYMBOLS 

D 
P 
p/D 
V' 
V, 

T 

Q 

Diameter 
Geometric pitch 
Pitch ratio 
Inflow velocity 
Slipstream velocity 

Thrust, absolute coefficient OT= :D4 
pn 

Torque, absolute coefficient OQ= ~ns; 
pnLF 

p 

O. 

7] 

n 

p 
Power, absolute coefficient Op= 3T\1i 

pnLr 

5/ 17" 
Speed-power coefficient = 'i ~n2 
Efficiency 
Revolutions per second, rps 

Effective helix angle=tan-{2~n) 

5. NUMERICAL RELATIONS 

1 hp=76.04 kg-m/s=550 ft-lb/sec 
1 metric horsepower=O.9863 hp 
1 mph=0.4470 mps 
1 mps=2.2369 mph 

1 lb=0.4536 kg 
1 kg=2.2046 lb 
1 mi=1,609.35 m=5,280 ft 
1 m=3.2808 ft 


